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ABSTRACT 

PROBLEM TO BE SOLVED: To realize continuous read and write operations at a 
high speed in one cycle, by charging and discharging bit lines for the read 
and write operations of a semiconductor memory in parallel. 

SOLUTION: A global bit line for writing of data is connected to a local bit 
line via N-type MOS transistors MN5, MN6 of a Y switch and to a write 
amplifier circuit 102. The write amplifier 102 has inverter circuits INVl, 
2, and a decoder and word driver 101 selects one word line of any one bank. 
A Y switch control circuit 106 controls the Y switch, i.e., controls to 
connect the local bit line and a read global bit line of any one bank 
through a Y switch YSWi at the read time, and connect the local bit line 
and the write global bit line through the Y switch YSWi at the write time. 
The charging and discharging operations can be . conducted in parallel 
continuously at a high speed. 
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"• Y^.^n-/Oi,tY MS (WG B L , WGBLB) 
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L, LBLB) kmfrltiL>M?v—'*sl'\?yVm (RG 
BL, RGBLB) ti^^tl, ^^rV±^CELL 
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L, WGBLB) 13, R*mL»f£*fc^»Jfcfttt&j& 

^^ot, ttii*iffiJtejota»6iJ, 
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SJWiB-§-RS\V£ "L" |C, $!l$)<i-§-WSW£ 
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n-, lS^t7yal32tfttIgf (CPU) 1 
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[0 0 5 7 ] <H^0tj4 >Hli£fir!|l Xtt, t'-^COIS^ 
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[0 0 6 0] »fl£SrM*&r5iKrl^ tt*ffiWfl^a-/< 
^t'j/hlg (RGB L, RGBLB) tD-*;Vf 7 |« 
« (LBL, LB LB) 11, |tf«EQl, EQ2i> 
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fflft\z x !7-K|WLliS "H" (;i$n, 
Silfco— s/ hi® (LBL, LBLB) *)Sy*y 

(YSWl-YSWn) £D$iJ<${f-5§-RSW# "H" frb 
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[0 0 6 9] «!it./UCELLl, CELL 2(1, ^ 
~ h^h%v-$jU¥y (LBL, LBL 
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^£f*ft, Sfeir>^r>y • yy^-m^l 0 4 M« 
^eft£> 3 Pft^lMOS h7>v^^MP5 1, 
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L. LBLB) l(^)^P-/^t^Fi (RGBL 

1. RGBLB 1) as*giSft£ftT, ^^yt^CELL 
U^'^C^P^^tVFi (LBL, LBLB) 
OSffig^^ 1 iftifv— s<;UF<y (RGBL 1 x R 

GBLBi) (^e^bix^o $bl-rcoi;{i^ 5 ir^ 

ilfiLtfl^-SOUT l-<-X — ^^ttS^Jft5 0 

[0074] i?>^ri/^{cfl;^^gi^ftfc^ 
T\ !7-KiwLi^ "H" "L" l^§ft, ^^ey 
t^CELL li^of- ^SE*tiJL^*jhSft3 0 |^ 
Y^yf (YSWl-YSWn) 0$iJWf-^R 
SWDJS a L M ^fe "H" (-$ft, YXJ*,*?- (YSW 
1— YSWn) ©Pf^^iMOS ^7>y^^W 
^$ft, D-^7^t> h^S (LBL, LBLB) tgl 
(OJfu— s<;u\?y hB (RGBL 1 , RGBLB 1) t 
* J «l!?BI$ft5o SfcPlNr^ (f^EQ3^ "H" 
b "L" i-L$ft. Ml <M?™-'^}£*j (RGB 
LI, RGBL 1 ) ^:7°y o 8ICi*9 

u h" f-y°y ^-t— v?$ix5o -^o^-rcicff^EQ 

2^ "H" (C^ft, l2^^-^>t'^i (RGB 
L2, RGBL2) O/U f t-^tlh^W, > ^ 
ft>l^)P#(C, I7-K*|WL2^ "H w i^ift, d— 
tVhi (LBL, LBLB) ft* V ^;VC E L L 2 
icj: t)aSift«fitMA J ^i:S*C>ft5 a !7- K»WL 
2£0li^i^DtIp|^i:, Y^-f^f (YSWl-YS 



• \Yn) <£>3iiJOTH-9-RS\Y2# "H" frb "L" 

n-^yu-f -y^ (LBL, LBLB) iH2<D^n- 
A>t 'j' H (RGBL2, RGBLB2) tf&fSLZtl 

$ (LBL, LBLB) <DM&Mtf$g2<Dyv—s</l>\? 
■yhm (RGBL2, RGBLB2) fclg;t&*l5. £ 
b I- 1 T > :/ • 7 J/ ^@!g 1 0 4 Clfc 

xfctl, -t>^T>7-Tig|SLTff^OUT2(Cx- 

[0075] •fe^r>yjc©ttnasex.p.n)ti*js 

T\ !7-Kl\VL2«; "H" jj»$> "L" KSft, 
ir^CELL2^P 3 (Dy J -^K^aiL^+±$tlS 0 PI 
Hfld, Y^-fyf- (YSWl~YSWn) OSB|»ft-§-R 
SW2# -L" "H" tl, YXjy?- (YSW 

l~YSWn) COP^ + ^wU-^MOS h 7 >v> 
7C:£iX, o-^yHfyHS (LBL, LBLB) t H 
2«^D-AyHf y hi (RGBL2, RGBLB2) 
* s «B!5Bt$jl5 0 ff^EQ3^ - H " i» 

"L" lc£tl, JSlO^D-/at ? hill (RGBL 
1, RGBL 1 ) is^y^-r — v?|5]!Sl 0 8(wJ;i9 

[0 0 7 6] fcfc. 13 1 5 Tii7*y 1 f-d- * 

5 t<£>>R|— T*$>3 0 

[0 0 7 7 ] #Hi£0iJT-li, ^ftco^tv^'n— ^/Hf 
y K^iaSS^ffiL - 7"y^-+— v ; tv>9i!j{tS'lf-^^ 
'I'Tfrl^, £&<D'b£\,^u— jj/VV y hBti, 1-9-4? 

H»T0 1HI©tt*HltlJ» ^(Df-^^^TtTV^, 7 
y + — V ? JJfT*3*V\ n— ^A-tTj/ h^yy iF-f — 

Sa^J^-r—^SfvcfctK D-A/nf y mien, 

&l-^V$<iT'&3;&WfflP^^/U?SMOS 

[0 0 7 8] <Hife#ij6 >EI 1 6 fctt % Hi£01j2CD*-r 
j'v'^-x — W 1 1 2 £ !)*a*!J/^77 1 1 4 b 

!BHi£g6 0 0ft, 8oO^^!lA*y^ (BANK 0 ~ 
BANK7) i, 8o©Y^ ytWSi (YSW0~Y 
SW7) t, Y^-f y^a— KHIKYSWDt. 17- 
KK7^ ^*WD>, 17— Kf ECi> 7'Ur 



>, 7-T hT>7"\VA> x V%'<V'<y7-rRBt-?m 

(BANK0-B ANK 7) i: Y*^ y?"EIK (YSW 
0 ~ Y S W 7 ) 11, HJS01J l ©*gft:|Ete£fi 100© 
y^U'O^ (BANKn) tY^yf-0K (YSW 
n) WHKIIrtSvWT!? htH-?*>5„ 

[0 0 7 9] ^Ut/PTWIISOJ)^; (BAN 
K0-BANK7) #^^|i6 4*©7 

- K£§X 2 5 6 If :y YOjiy A^tLTV^, p'^yir 
^rWtt6 h7^^^o v ^ hSR AMt 
^T#t^$tL5 0 A'^^d- ^/l/tTj/ KS*f (B 
L, /BL) l3N^^^/i,^MOS F7>v^^«Y7 

(BGW, /BGW) fcBB&Sfta. D-*;Hfj,H8 
*f (BL, /BL) liP^-y^/H^MOS F7>-^? 
©Y**f y^-YSWS:^LTSE*aiLffl^o-/<^f y 
M**f (BGR, /BGR) lC»«SiX5. 

[0080] SE*mu»fftp, a^snfcy^y-t/Ko 

{S^ s S5^tbLffl^"u— j/ M$#t (BGR, /B 
GR) l-eS^tl5 J; 9 ilWff fYRO^ 1 O 
# " L " C/iDPf t^SMOS h7>y^^iit> 

Steffi Lffl^'o— s<,v\Zy h@m (BGR, 
/BGR) IcGSSn/cff^-ii-fevxrv^ • 7 f^(U 
KSALT'^tti • if«f>I£ft, !)-K/^RBUS|;^ 
£ft3„ y-K^RBUS|J3 2tyhjigT*)5. 

5) S•{£fflLT^^5o 

[0 0 8 1] fJMi^, 7-f h^WBUS^fc 

fli^D-/^ey h^^f (BGW, /BGW) 

S^{l-§-YW(0 5^<0 lo# "H" 

h^WBUSt32 1^5/ htSTfcSo 

[0 0 8 2] 7K^^ABUSi>t 3 7Kl'^^n 

y^CLKCBBBL-C^Dfa-^PDECCAAS 
*i« T^-KStiSo $fe|c, 7'yr^-^PDECO 

W*«SI7— Kx^— ^*WDECicA7^$tl, x^- K$ 
^X5„ 17— K7^3— ^WDEC©UJW5 7- K K7-<^ 

[0 0 8 3] Ell 7|:|j, ^«fMEtt$£C6 0 0(73 If 5/ 

^^yir^O^itSMemory Cell t SIS LT^-5 0 
fEti^fie 0 OliSoCD/N'^^l'^WLT^^f-ft, p< 



K*iiT^o = ( ) P^cDM2ii^2 l^)y LT 
ft^BGigfe$tlT^5 3 ( ) rt^M4ii®4/10y ^ 

--^t^hi^MiSfcDOgi (0. lif 
(0. 1 9 f F//im) ±9 fc'h£<fc5 s tSoT, ¥ 

[0 0 8 -1] El 1 8 (CHI, 4^f£f£t§^g 6 0 0(/)y; 

.3 -^o— /<y^tV (BGR V /BGR) !:£g 

- hrR*i (BGW, /BGW) SrSESH-o r 

(BL, /BL) {cMLTt^iffi^aLKj^iS^iA^Si 

■*>>v-X;u¥yh$iift (BL, /BL) Jl^Cilfeif 

iiSnTV^SM^SE^fflLffl^n-^Hf s/ (B 
GR, /BGR) CD:7°y:f -V-vW 9 r i#T'#3 0 
S#ii*/S^P— ^yvt> hgUtf (BGW, /BGW) 

y Mfcft (BL, /BL) Tfl, SS^ttjL (Read) , * 
^iA^. (Write) , 7'!)ft-y (Precharge) <£>JI|I#T 
rrt>ii?> 0 IS^ffi Lffl^p-^vut^ (BGR, 

/BGR) Ttt, K*fflL (Read) , 7°!Jft-y (Pr 
echarge) C0»S#T*fTfciX5 0 S^ii^ffl^o -y^yutf 
y r» (BGW, /BGW) Ttt, tf£&# (Writ 

y (BGR, /BGR) t^ffiL (Read) > 

WtiA^ffl^P— ^Vlfy (BGW, /BGW) 

XO#£&^ (Write) ^fji-^tottxi^o 
[0 0 8 5 ] [g] 1 8C^iil5y;al/-y3 >^(- 
±5>, *^{£Ettgg6 0 0&, if^tULt«%iA^ 
i:(D2ot7)tj J j^#3. 5 n sTU^Tt^ct 9l-^tL 

8 5 MH z (7) 1 iJ->f ^ yUXlf^LB L i ii^ > OftfE 



[0 0 8 6 ] [gj i 9^11, #iftEI£l6 0 0 ti¥* 

4^f£EtISE6 0 Ofc&l^Tfi, SiO/J^t^u— # 
^t^F^ ( B L , /BL) $-/<^y°^-r>ft (019 
Til, Pipelined>Sf2$tLTV>^ c ) Cffflt^ip 
("£tt, li^|^2oO^D- ^yHfs/ h|| (BG 
R, /BGR ; BGW, /BGW) £ 2 h (01 9 
Tli, 2-port t«SSSilTV^ a ) ttT^ffl-r^i 
119© ( ) fo(D^fc\fy hm<DMM 

[ 0 0 8 7 ] ft*3, SE^ttSUttReadXflRt, 
(itfriteXttfft, v^liPrechargeXttPciS 

>, l^^*Lffl^P--/N/Ut> MSliBGRfc , #^iA^ 
ffl^-^H^^ MS i -2 B G W > St IS $ T V ^5 0 
[ 0 0 8 8 ] [320 i^i, ir>^T>-y • y y^HJSS 

^m^ttEil2. 5VT\ Kj^/DH^if (1 7 StcD^f^ 

tfot^t V — MORBUS (Read Bus) i^x — ^ 
^lf^til$tLS^X©B#F^(±, 1- 3nsT*fe5 0 gc* 

SA2OM}iS02t, 3&B(75ir^^T^S A 

h«l (BGR, /BGR) (cmfi^^CSftjicS^t 

[0 0 8 9] 02 1 ICH, ^^frlEtSSe 6 0 0 OKI^ 

C, !7 - K K7^ ^WDSVY^^f yff S 
Wte, Decoder / Word Driver t £jxT^ 5 S^c(- 
I2g$iXT^5o 7y«SAL, 7 

^ h7y7 , WA.Rl>'y*^!J/<y77RB|i > Read / W 
rite amplifier / RB t JxTl^SfHSEl-Efg 
Tl^ 0 y — hV<^RBUSOE*R|J, ReadBusi:*^ 

COS^il, Write Bus t S^SttTl^tSJScl-EBSiX 
tt, Peripheral > *^$tlT^5nlSc^ffiS$ilT^ 

So 

[0 0 9 0] ^^fSttKE 6 0 011 0 . 3 5 ^ m. 



-V^'UjgJMOS h P^-V^^MO S h 

<D\f j/^li, 1.4/i niT'fe5 5 ^ftffitf^fi 6 0 0 
C9^££ii. 1. 5mmX3. 5 6mmt'M, 
[0 0 9 1] 022 left. ¥9ft£{g£iE 6 0 0 O^PJ 
©»lf^ff^^$il5 = 2 8 5MHz©^d^ (Cloc 
k) 5-KiWL (Word Line) i, 7^f h^WB 
US OTrite Bus) b. !)-K^RBUS (Read Bu 

s) roasts* $*t-c^s. fitttm^MT, mmttrnfi 

^Bl^ttKl^raaSft 2 8 5MH201t-f^ /WT'|?t7 $ 
ftT^S. ^W^Ett^e 6 0 0 Ol#fttt, EA 

[0 0 9 2] ( 1) latt^i: : 4 KX 3 2 f s/ h ( 1 6 
K/W h) 

(2) gc^ffiLtf- h : lo 

(3) ##iA^K- h : lo 

(4) 0t&8j£«E : 2. 5 V 

(5) $ >\s$ ■{ K : 3. 5ns 

(6) ^ d -yirTt-t^fJ & : 2. 0ns 



(7) 



SB 



# : 1 3 OmW (tM1^ n ;/ y JUi£&^ 2 



0 0 MH zOil) 

( 8 ) y y -tvUM X : 4 . 2X5. 1 6 n m ( 6 h 

(9) f ^yt-fX: 1. 5X3. 5 6mm 

(10) 7°D-t^ : 4/f&fl|S2$ > 0. 3 5j/mCMO 
S 

(11) ^JSE^tVf- : 1. 4 Mm 

(12) s<> Ktl : 2 . 3 G/nV h/ s 

^ t>t»^5. l'oWMOS h^v^^i: loCO^id^ 

^s/->^y ^y te^V i^y hvy/Mtfeai 5 , ±y 

£>oTl><fcV\, Jfl-yyaT-frWinOl^ 
>I2 2 5 6 \fy hXh5t>\ 1 7^ >tt 1 2 8 tf j/ 1- , 

5 i 2 tr ^ htfc>Aaia©x-*S<©8S»T?fcftH:J: 
vv, £fc, r>a7-?rK l l 2(DAtU^©T : 
-^*5tt3 2 tTy hXtt6 4 hT'fcSiS, 1 2 8 if 
y FTfeottiVS H110O^^n7'Dtytl3 

-ty->i(^ll2rodr^ S /-> 3 .^^y £/B^Tt><£l\, 0 
1 0CDn>t'o. — 9\s*7-J*&1 Jfc^-Y y ->3.^/<CV^> 



[0 0 9 3] 

(Oil'; T"&5=, 
[0 0 9 4] T^t>ib, Ire^ttiLtStiA^-CDrcfctDf 

X-mx.Z>^bi^mbt £ z,__ a 

mi] mmm^^^m^mmmm^mm, 
[0 2] -t>*T>y • ^ y?-\E}% ! <Dm<Dnti!.m<D\s}m 

[03] yv—'OVKy hS^D-J&yl/fy h»4 wi- 
st lt i mM Ltz.m^<Dm^m 0 

[®4] ntfiwu^s^sKtEiftisitoy^y^y h 
soKr? bta. 

[0 5] HJStfJl 0>¥ilMtt21gKfi<0**-y^y MHND 



[0 6] Hffiffdi W^^EffiSgHSrfflv^ l 6 KB© 

[0 7 ] mmm 1 ©^{£t£tiSE©^(£Kii:^e© 

[0 8] ^l£0ij 1 K«5^StftIEtg3£B£/Bi^fc** y 

->^^-y (HiS0iJ2) co y ci ;/^0 o 

[0 9] Hi!0ij2 GD^-V yya^U COtfj^jS^0 o 
[010] HJ£#| 2 icmt>Z> ^ y ^ * y £fflWc 

3>-f zl-^->^7^^ (Hig^j3) OO7'D;/^0 O 

[011] ^iS«3C0 1 Ik** y-y^fDWZl&it^^n 
gSBT'n j/^0 o 

[012] HJ6094^5^¥ffIEli3Se©lHlKS, 

«j 5 <n*m-ftmmm<Dmtmm B 



[013] 
[014] 
[01 5] 
[01 6] 
[01 7] 



[018] 3gJS«6lC#.S#i»*WB»£ 
[019] H%0l| 6 ¥»fclE«SK fc ^*S^© 

[020] mmi6\zmz>*mmm'£im<D-t>7-T> 

[021] ££E0!l 6 ^^iEttSB©^ D D Q ©¥ 
[022] ^Jfe^i) 6 ^Wi*:fBti^B©^p 0 p©®) 

l 0 l ^n— ^*joJ;t>'y— K Fy4'< 

l 0 2 5-Y YT^y'JB}^ 

104, i5 3 N 154 ty^ryy-yyfSK 



OS, 109, 151, 152- 

1 2 =r-r r>if-?7M 

1 3 =r s/ u. ^ W 

} 5 f-l" E 

1 6 



-SJf9lHlK 

i 4 o Sc^aj tffl'<* 

■ -ir u ^ ^ 

1 2 6 4£/ST F>7 

2 lft*tyya 

4 CPU 

6 2 & -v v ^ 

0 y^!)7W 



1 7 

1 8 

2 0 
2 1 

r_) 9 

2 4 

2 5 

3 0 ■ 



-1 3 
j 



7 yfffl^iO^^ V 



4 5 



1 4 6 »*»!IN©Ei* 

1 4 7 x^ — cfclx^L!f^3iH]gg 

L B L, LB LB D-^.'UtVH 

WG B L, WGBL B x6^£i — h 

RGB L, RGBLB ^ffil^^P"^t> h 

MN -v^^iMOS h7>v^? 

MP pft^^SMOS h^v^^ 

INV -f ^[£l¥g 

N AND j-> 

cel L y ^ey ir/l- 

WL 7— KiS 

n\ nb yey -fe/nstfey — K 

eq yvf-^—i>m^imt^ 

RSW Y S wto P SMO s h7>y^^ ^SOiW-r 5 

WSW YSWCONSMO S V 7 > ^ Srf&Jffli-r £ 

(s 

BANK 1 , BANKn .'<> ? 

Y SWL Y SWn Y*-Y ^/^ 

SA, SA1, S A 2 , S A 3 irV^TV^ 

s a en ± > i^y^mtit^- 

WL G V— YWk<DWfcWk 

vs s ^fy^vm 

YDD WBMko 



[03] 



[§4] 



Ki3 



RGBL 



BANK1 

....^ 

LSLO LBLBO LB11 LBLfll IBL2 LBLB2 LRU LBLS3 

_1 J I I 



CELLO 



CELL1 



CELL2 



CELU 



RGBLB 



■wl ; 



HI; 



-rswo: 



-WSW1) 



■ABW3) 

•wswi 




CELL 



r r f 

WQBL RGfiL RGBLB WGELB 



[01] 



121 

100 




[05] 

05 WGBL RGBL RGBLQ WGQLB 



V, 






???????? 

iBL LBLB LBL LH.B LBL LBUB LBL LflLO 



[i2] 



1110] 



010 



SA EN* 



RGBL 



RGBLB 



WPlT](o^[^Pl2 



MN13| --1 



MN14 



MN15 



H l*^21 MN2g) |— 
MM23ir-A-i|MN24 




SA1 



OUT 



105 



14 



143^ 



,3 Vi 



CPU 



136 



B11 



[Ell] 





[06] 



me 



140 142 140 




[17] 



117 



EQ 



WL 



RSW 



liK?A 




wsw 



WGBL 



LBL 
LBLB 



RGBL 
RGBLB 



1 ' 


i 

__J 


1 , 
1 

* 't 


■ * 


i — iX, — j , 


• • 




• 




zzi — " 




• 

—y — 1 i 




[08] 




114 



[09] 



-»J- K — — ^-f h— — X FTP 



If A/W- 



Bc^Wb#/<><122 



4 + v y a 




[■§112] 




[Hi 3] 



EI13 



EQ1 
EQ2 



WL1 



WL2 



RSW 



WSW 



WGBL 
WGBLB 



LBL 
LBLB 



RQBL 
RGBLB 



N 
NB 



OUT 




liSl 1 4 ] 



114 



500 



RGBL1 RGBLB1 



RGBL2 RGBLB2 




EQ3 



•102: 



• 1 .J 



11 02 



:r::X 



104 



.....J i-. 



104 



OUT1 IN 



IN OUT2 



mi 5] 



EJ15 



CELL1 



CELL2 




EQ3 




j ; 


* 

t 
* 


* 

4 
* 


; « 
• ; 


E04 j 




t 


> 
■ 


i : i 


WL1 




» ; 

: • 


• \ 

« y 


■ t ; 


WL2 . j | 

* 1 




• 
• 

• 


• 
• 
• 
t 
• 




1 j j 


RSW1 


/ 1 / i * 

' I / ! * 






/ t 


t 


RSW2 j 
i--- 






• 
< 







LBL 
LBLB 



RGBLt 
RGGLB1 



RGBL2 
RGBLB2 



0U71 



0UT2 



[Ell 6] 



H1 16 



32 



fioe 

WBUS 



WA 



CLK 

J 



ABUS 



o 

LU 
Q 
Q. 



O 
UJ 
Q 



Q 

5 





Bl /Bl 










1 1 


1 1 


r I 




— WL-- 














BANKO 





















Yw 
Yr 














:ia-rcjr£Trr-r^:;i- ~i 






— 


-1— 














YSWO 


Bgw 


/Bgw Bqr 


/Bqr 


M 


t 250 bit 






64 word 


^ 

BANK7 






VSW7 







SAL 



32 



RB 



^ 

- — _ _BBU_S 



[01 8] 



® \ 8 




[02 1] 

m 2 1 




IE 2 2] 



13 2 2 

Clock 
Word Line 

Write Bus 
Read Bus 



Cycle 3.5 ns 
* * 




i *i 

Access 2 ns 



